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Abstract 

Characteristics of the epidermis of plant tissues can provide sufficient differences for 
separation at least at the generic taxonomic level. The comparisons of known samples 
with residual fragments of leaf cuticles in faeces provides a non-lethal method of 
determining the diets of herbivores. This current paper describes the methods employed 
to establish a voucher series for plants at the Yalanbee Experimental Station for a study 
of the food resources of the western grey kangaroo. 

Three preparation techniques were compared on the wandoo-woodland plant specimens. 
The chromic acid/nitric acid digestion method gave the best results for most Western 
Australian native species. For the more mesic native shrub species and the introduced 
and native grass species, the acetic acid digestion method proved more successful in 
providing clean specimens of these species within cuticles. Imprint methods generally 
provided prints of inadequate detail for use in identifying the residual fragments from 
the faecal remains. 

A diagnostic key using epidermal characteristics provided a method to extend the 
techniques of faecal fragment identification to use by non-specialiscd technical assistants. 


Introduction 

Studies of the diets of herbivores date from at 
least the mid-eighteenth century when, according to 
Tribe (1950), Linnaeus reported on the preference 
shown by farm animals for certain plant species. 

For almost the next two centuries the techniques used 
for the study of herbivore diets were dominated 
by those used for domestic animals in enclosed 
situations. Most of these techniques had practical 
limitations or were impossible to apply to open 

grazing and other less intensive farming practices. 
A developing interest in the food preferences of game 
and other non-domesticated animals led to new 

techniques for the study of food habits. One of 
these techniques was the identification of fragments 
of leaf epidermis from faeces (Baumgartner and 
Martin 1939, Dusi 1949). Except for vascular 

bundles, fibrous strengthening material and cutinized 
epidermal tissue, little plant material remains 
recognizable in faecal material (Phillipson 1952). 
Only the cuticle and its epidermal imprint has 
sufficient characteristics to be identified as* belonging 
to a specific species. 

The literature on dietary studies utilizing epidermal 
characters has been accumulating over the past 40 
years (Dusi 1949, Stewart 1965, Kok and Van der 
Schijff 1973) and detailed accounts of the 
characteristics of the epidermal structures of 


monocotyledons (Metcalfe I960, Clifford and Watson 
1977) and dicotyledons (Metcalfe and Chalk 1950) 
have provided extensive background information. 
However, it was not until Storr (I96 0, Kiley (1966) 
and Stewart (1965, 1967) that the full potential of 
faecal analysis was realised in determining the feeding 
habits of wild and rare animals. Studies of the 
d.etary preference of Australian macropods are 
limited (Kirkpatrick* 1965, Griffiths and Barker 1966. 
Griffiths cl al. 1974, Davis and Ellis 1979) and such 
studies in Western Australia are restricted to those 
of Storr (1961* 1964) on the quokka. Faecal 

analysis was used to gain further knowledge about 
the diet of the western grey kangaroo at the CSIRO 
Yalanbee Experimental Station in the wandoo 
(Eucalyptus wandoo Blakely) woodland-pasture 
landscapes near Bakers Hili. This method was the 
only practical option available, because the animals 
of the experimental station were part of a population 
dynamics study and could not therefore be killed to 
determine dietary resources through analysis of 
stomach eonients. Because no previous work on 
the diet of the grey kangaroo had been attempted in 
the wandoo woodland, epidermal tissue vouchers 
had to be initially developed. The following report 
describes the development of methods for the 
preparation of plant epidermi, the nomenclature of 
epidermal characteristics for the series of voucher 
specimens, and the diagnostic key used in the western 
grey kangaroo dietary study (Halford et al. 1984.) 
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Epidermial tissue preparation 

A number of techniques have been developed to 
prepare epidermal tissue for microscopic analysis. 
Once high-quality voucher specimens are available, 
the subsequent identification of epidermal fragments 
in animal faeces is made possible. These preparation 
techniques can basically be categorised into direct 
and indirect methods. Direct methods usually 
involve the removal of the leaf surface from the 
remainder of the plant material by bacterial 
disintegration, mechanical scraping, peeling or 
chemical maceration. Bacterial disintegration of the 
tissue (Louw ci at. 1949, Skoss 1955) involves the 
breakdown of the (issue below the cuticle using 
certain microorganisms which digest the material 
with an enzyme complex of cellulases. hemicellulases 
and pectinases. Following a period of time the cuticle 
is mechanically lifted from the partially digested 
tissue. The major difficulty of the method is the 
time (often 14 days) required to obtain material 
and the specialized media requirements and anaerobic 
growing conditions for the bacteria. 

Epidermal peeling (Dusi 1949) and mechanical 
scraping (Metcalfe 1960, Clarke 1960) involve the 
removal of the epidermal layer directly, as one might 
remove Ihe peel of a ripe plum, or by gradually 
scraping the leaf tissue from the cuticle. These 
methods arc time-consuming and difficult to apply 
where the epidermis is thin and closely associated 
with fibrous material, or where the leaves are ridged 
and furrowed, as in many Australian sclerophylls. 
The chemical maceration techniques utilize a variety 
of solutions to macerate tissue in order to free the 
cuticular layer membrane. Discussion and 
literature references for many macerating techniques 
are available (e.g. Sinclair and Sharma 1971). 
Generally these methods use mixtures and various 
concentrations of several weak acids, or hydrogen 
peroxide and a base as potassium hydroxide. Most 
of these methods are adequate in clearing the cuticle 
fragments from any remaining mesophyll or fibrous 
material, but the concentration of solutions, timing 
of various digestion periods and subsequent stain 
techniques often vary with the type of leaf material 
to be prepared. The major advantage of the direct 
method is that they can give a clear representation 
of the cuticle; however, the procedures may be time- 
consuming. 

The indirect methods involve applications of liquid 
plastics or latexes which, upon drying to a thin, 
transparent film, can be peeled off and examined under 
a microscope. The materials used include Duco 
cement (William 1973), acrylic plastics (Koranic and 
Gardner 1967), cellulose acetates, Bennett and 
Furmidge 1956), polyvinyl alcohol (Mueller et aL 
1954), mucilage and latex (Shah and Gopal 1969), 
and silicone rubber (Idle 1969). Indirect methods 
are generally much quicker and simpler to apply than 
the direct methods, but the quality of the epidermal 
reproduction is usually inferior. 

Materials and methods 

Three methods were examined to ascertain the 
most successful method for species of the wandoo- 
woodland vegetation. These included the indirect 
method of Horanic and Gardner (1967) and the 
direct methods of Storr (1961) and Jain (1976). 


In the Horanic and Gardner method, a 6:6 mixture 
of Rhoplex AC-33 acrylic polymer emulsion was 
initially applied to the surface of the leaf and 
allowed to dry for 10 minutes. Two additional coats 
using full-strength Rhoplex were applied at 10 minute 
intervals and allowed to dry for 40 minutes. The 
emulsion was then removed and transferred to a 
microscope slide. Generally the imprints did not give 
adequate representation of the epidermi of a large 
number of the sclerophylls. It was unable to show 
any detail of ridged or deeply furrowed leaf surfaces 
and abaxial surfaces of leaves with revolute margins. 
The preparation was difficult to apply to terete leaves 
because the resulting film was curved and difficult to 
view under the light microscope or photograph. 

Applying the method or Storr (1961), leaves were 
cut into 5 mm squares or, if leaves were small, 
they were trimmed along one edge to facilitate 
epidermal removal. The material was placed in a 
solution of equal parts 10% chromic acid and 10% 
nitric acid and carefully boiled in a fume hood until 
epidermal separation occurred. A dilute KOH 
solution was used to rinse the tissue before the 
cuticles were removed from remaining fibre and 
vascular tissue. Pieces of the epidermis were 
transferred through a graded series of ethanol from 
10-95%, then stained with 0.1% gentian violet in 
95% ethanol. Staining time varied with the material 
and ranged from 30 sec. to to 24 h. The stained 
tissue was transferred to absolute ethanol and 
mounted in euparal. Storr’s technique gave good 
results for a broad range of the Western Australian 
species, excepting those species which had thin 
cuticles, where features were difficult to distinguish. 

Using the method of Jain (1976), material was 
cut into 5 mm squares and allowed to stand in a 
30% glacial acetic acid in water solution at 80°C 
for 24 h. The material was then washed with water, 
cleared of remaining fibrous tissue and dehydrated 
through the series of ethanol solutions to 95%, and 
stained in 0.1% gentian violet in 95% ethanol 
before mounting in euparal. Jain’s method did not 
thoroughly clear the epidermis of the more sclerotic 
leaves, such as Hakea trifuvcaia and Acacia 
celastri folia . It did, however, prove to be very success¬ 
ful in producing clean epidermi from grasses and the 
native .species with more mcsic leaves such as 
Phyllanthus calycinns. 

Microphotographs of the best preparations were 
made at low magnification (30x). The photographs 
were taken with a Zeiss photo-microscope using 
Microfile Pan film. 

To analyze the faecal material, a dried pellet was 
gently boiled for 15 min in a solution of equal 
parts 10% chromic acid and 10% nitric acid. After 
maceration, the material was filtered and rinsed 
several times with a dilute KOH solution, then 
stained with a 0.5% solution of gentian violet in 
95% ethanol for 48 h. The stained fragments were 
mounted onto microscope slides in euparal. The 
fragment material could then be compared to the 
vouchers of suspected diet plants to determine the 
food resources actually ingested. 






Journal of the Royal Society of Western Australia, Vol. 66, Part 4, 1984. 


Epiderniial character nomenclature 

The epidermis of leaves has u number of 
characteristics which are useful in identification and 
classification of plants. In the field of palaeobotany, 
microscopic features of the epidermis (as they are 
reflected in the cuticle), have long hecn recognized 
as an aid in the study of fossil leaves (Bornemann 
1856 cited by Dilcher 1974). Stace (1965) has 
shown how leaf epidermal features can be used to 
support other taxonomic aids, especially in the 
classification of the Combretaceae. More recently, 
Bongers (1973) used epidermal character in the 
taxonomy of the Winteraeeae. Also epidermal 
characters have been applied as a safeguard against 
fraudulcnce in commercial stock feed (Parkinson and 
Fielding 1930 cited by Martin 1955), and police 
departments have found the epidermis useful in plant 
identification (Dilcher 1974). Useful epidermal 
characters used in the identification of fragmentary 
material include: cell orientation, stoma complexes, 
dermal appendex, and other epidermal cells. 

Celt orientation 

Storr (1961) in his faecal analysis work found 
the orientation of the epidermal cells to be a very 
useful diagnostic feature. The distinctive orientation 
of the epidermal cells along the longitudinal axis 
of the leaf is commonly observed in monocotyledons 
(Fig la), and is rare among dicotyledons where these 
cells are more irregularly distributed (Fig lb). This 
basic pattern difference readily discriminates 
between these two large groups and can be beneficial 
in distinguishing relative proportions of grazing and 
browsing material eaten by herbivores. 

Stoma complexes 

The appearance of the stomata, especially with 
reference to the nature and orientation of neighbour¬ 
ing cells, is a frequently used taxonomic character 
(Metcalfe and Chalk 1950, Van Cotthem 1970). 
Dilcher (1974) has provided a series of terms rele¬ 
vant to the stomata! cell complexes which have 
proven helpful in the identification of epidermal 
tissue fragments (Fig. I). The stomata complex 
of monocotyledons are commonly of the paracytic 
type. However, types such as tetraeytic and anocy- 
tie have also been observed (Metcalfe 1961, Stehhins 
and Khusli 1960. An added feature of the stomata 
complexes in monocotyledons is the shape of the 
subsidiary cells. These cells range from triangular 
to parallel-sided forms through intermediates to 
dome-shaped cells (Metcalfe and Chalk 1950). A 
species usually has a mixture of domes with either 
triangular or parallel-sided types, but it is very 
unusual to find triangular and narallel-sided types 
together (Clilford and Watson 1977). 

In dicotyledons, the more common stomata com¬ 
plex types are anomocytic, anisocyllc. paracytic and 
diacytic. Storr (1961) suggested that the first three 
are the most commonly ohserved types in Australian 
species. Potential variation does exist and Metcalfe 
(1960) warns that stomatal types of more than one 
kind sometimes occur together on the same leaf 
surface, or stomatal complexes on the upper and 
lower surfaces may not be alike. 

Storr (1961) also suggests that stomata pore 
orientation may be useful as a diagnostic feature, 
but this appears to be of restricted use. 


Dermal Appendages 

All outgrowths of the epidermis are categorized 
under the term ‘dermal appendage’. There is an 
enormous diversity of external appendages in the 
dicotyledons, but this is not exhibited as extensively 
in the monocotyledons (Metcalfe I960). Radford 
et al. (1974) summarizes the types of epidermal ap¬ 
pendages under three main headings including 
‘simple’ trichomes which can be uniseriate or nuilti- 
scriatc, compound trichomes of several forms and 
glandular trichomes. The features of length, size and 
density of the trichomes are more liable to vary 
with environment than the occurrence of different 
kinds (Sharma 1975). These characters should be 
avoided because of their questionable value for 

identifying epidermal fragments of different species. 
The presence or absence, however, can be of assist¬ 
ance. Gray et al. (1969) have demonstrated that 
the presence or absence of hairs hetween two closely 
related varieties of Danthonia was not environment¬ 
ally induced, as the hairs were found to persist 

under a variety of controlled environments and 
transplant studies. 

Other epidermal cells 

The epidermal areas between the leaf veins (inter¬ 
costal) and the tissue over the veins (costal) in 

monocotyledons sometimes have two cell types 

distinguishable by their size. Much elongated cells 
called ‘long cells’ tend to occur in intercostal 
regions, while more equidimensional cells called 
‘short cells’ tend to occur only in the costal 
regions. In some grasses such as Bronnts the short 
cells are absent (Metcalfe 1960). In others, such 
as Coelaehne and Mibora , the distinctions tend to 
break down, which reduces their value as diagnostic 
features. Short cells also may contain a silica body 
or walls which give a cork reaction and the number 
occurring together or the arrangement may be of 
diagnostic value. The walls of the long cells of 
grasses can vary from straight and clear to very 
sinuous and clearly pitted. Also, the relative length 
and breadth can be of some value, hut is subject 
to considerable variation. 

The cells of dicotyledons are less regular than 
those found in the monocotyledons. The aba.xial 
surface in some dicotyledons may be completely 
devoid of trichomes or stomata. There is gener¬ 
ally, however, sufficient difference in the cells of 
different species to be of potential taxonomic value 
when looking at a limited numher of species, as in 
faecal analysis study at the Yalanbee Experimental 
Station (Halford et al. 1984). 

Intraspecific variation 

It is important to differentiate environmentally 
modifiable features from those controlled genetically. 
Esau (1960) has noted that features such as the 
numbei of stomata per unit area, and whether 
guard cells arc raised or lowered when compared to 
other epidermal cells, are so variable that they are 
of little taxonomic value. Characteristics such as 
a stomata frequency, epidermal cell frequencies and 
trichome densities generally vary with growing con¬ 
ditions. On the other hand, characteristics such as 
the type of stomatal complexes, distribution pattern 
of trichomes and types of trichomes tend nol to 
vary with the environmental conditions and are, 
therefore, of greater value as diagnostic features in 
studies examining dietary preferences. 
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Wandoo-woodland vouchers 

Of these species of the natural woodland regions 
and the pastures of the Yalanbee Experimental 
Station, slides of 60 species were produced of 
suitable quality for comparisons to the fragmentary 
material from the faeces of the grey kangaroos 
resident in the area. The voucher slides, enlarged 
photographs and descriptions of the important 
epidermal features of these species were used to 
prepare the diagnostic key to the more common 
species found in the faecal samples (Table 1). 

Epidermal Cell Orientation 


All monocotyledons from the study area had 
stomata! apertures along the longitudinal axis of 
the leaf. Examples of Australian natives were 
Neurachne alopecuvoides , Lepidospernm tenue and 
Lo.xocarya flexuosa. The introduced Mediterranean 
grasses of the pasture area also exhibited this pattern. 
Although this feature was rarer in the dicotyledons, 
it was observed in Calothamnits sanguineus , 
A clenanthos cygnorum , Astrolonw pallidum and 
Stackhousia hueglii . In Casuarina the stomatal 
aperture was perpendicular to the long axis of the 
needle. No other dicotyledon showed regular 
orientation of the stomatal apertures. 



Stamatal Complex Types 









Subsidiary Cell Variation 




Dame -Shaped 


Figure I .—Epidermal tissue variation. Epidermal cell orientation in: (A) a monocotyledon (Bromus rigid us) showing longi¬ 
tudinal orientation of epidermal cells and (B) a dicotyledon (Acacia celastrijolia) showing irregular orientation. Stomatal 
complex type nomenclature of angiosperm leaves (after Radford et al . 1974) and subsidiary cell variation of monocoty¬ 
ledons (after Metcalfe 1960). 
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The nature and orientation of the subsidiary cells 
of the stomata proved to be especially diagnostic in 
the separation of the dicotyledonous spec.es at the 
Yalanbee Experimental Station. The anomocytic 
stomatal arrangement, where cells surrounding the 
stomata are indistinguishable from normal epidermal 


cells, was found in Hihbertia hy per ico ides, H. 
moat ami, Astrolonui pallidum and Oleariu rudis . 
The anisocytic arrangement of three distinct 
subsidiary cells enclosing the stomata was observed 
in Boronia crenulata, Uemigeuia canescens and //. 
pimelifolia . The paracytic arrangement of two 


Table 1. 


Key to the identification of selected native species in the Yalanbee Experiment Station woodland region using epidermal 
characteristics. 


A, 


Epidermal cells longituoinally orientateo 



B. EPIOERMAL CELLS RECTANGULAR (LENGTH'.W10TH RATIO >>1:1) . 

BB, Epidermal cells more-or-less isooiametric (length:width ratio T:l) 

AA, Epidermal cells usually irregular in orientation 
B. Trichomes or hair present 



CONOSTYLI $ SETIGERA 

Loxocarya flexuosa 


c. 


Trichomes scattereo 

D. Stomatal cell complexes paracytic 



or anisocytic 



E. 


EE. 


Epioermis with glanoular cells (g.c.) surrounoeo 

BY RING OF TYPICAL EPIOERMAL CELLS .. 



Leptospermum erubescens 


Epioermis lacking glanoular cells 


F, 


FF. 


Stomatal complexes in ± linear arrangement, 
hairs (h) easily broken (h')during preparation 


Stomatal complexes irregular in 
arrangement, hairs robust ano 
persistent , .... 




Adenanthos cygnorum 


Boronia crenulata 


DD. 


Obviously subsioiary cells absent (i.e, anomocytic) 

(NB, Calothamnus sanguineus may show paracytic forms also) 


E. 


Glandular cells present. 




EE. 


9.C. 

Glandular cells absent, epidermal cells with 
papillose projection common . 



Calothamnus sanguineus 


. Qxylobium parvifqlium 


CC. 


Trichomes clustered 
intercostal regions 



Dryanora spp. 


30505 (2) 
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BB. Trichohes absent 

C. Stomatal cell complexes antinocytic . 

CC. Stomatal cell complexs not actinocytic 

D. Stomatal complexes arranged in definite bands 



E. Stomatal bands ■ 2x width of costal regions, 

STOMATA IN ONLY A FEW LINES .... ASTROLOMA PALLIDUM 

EE. Stomatal bands * 2x width of costal region, 

IN NUMEROUS LINES ..... CONQSPERMUM GLUMACEUM 


DD. 


Stomata complexes not in bands 

E. Stomatal cell complexes cells anomocytic or anisocytic (see below) 
F. Subsidiary cells anomocytic 


.. Hovea chorizemifolia 
Gompholobium marginatum 


G. Guard cells sunken .., 

GG. Guard cells not sunken 



EE. 


FF. 


Guard cell complexes anisocytic 



G. Guard cells sunken ... 

GG. Guard cells not sunken 

Stomatal complexes paracytic 
F. Subsidiary cells - equal in size 



... Daviesia cordata 
Anthocercis littorea 


G. 


Epidermal cell walls - straight, 
* squares in outline ..... 



Gastrolobium spp. 


GG. 


PI dermal cell walls rounded or slightly 

ADULATING, SUBSIDIARY CELLS - TRIANGLAR... 



. Synaphaea PETIOLARIS 


FF. 


Subsidiary cells unequal in size 


Acacia celastrifolia 
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subsidiary cells parallel to the long axis of the 
stomata was recorded in all species of the genus 
Gastroiobii/m and all of the monocotyledon species 
studied. Adenanihos cygtionnn , and all species of 
Casuarina also had the paracytic arrangement. All 
species of the genus Hakca examined had the 
antinocytic arrangement of stomata surrounded by 
radially elongated subsidiary cells. Caiothamnus 
sanguineus was found to have a combination of 
anomocytic and paracytic types. In other species, 
such as Greviilea piluiifera and all the Dryandra 
species prepared, the stomata were not discernible, 
due to a dense mat of triehomes covering the 
stomata. 

Stomatal distribution in the plants of the 
Yalanbee Experimental Station study site also 
provided a diagnostic character. A regular 
distribution of the stomata over the epidermal 
surface was observed in Acacia celastrifolia, 
Caiothamnus sanguineus, Adenanthos cygnonnn and 
Hake a undulata , Certain species had stomata 
arranged in distinct repeated patterns. This 
included the stomata of Lepidospenna tame , L. 
scabrwn and L< angustatnni where the stomata were 
arranged in rows oriented along the longitudinal 
axis. In most of the species of the grasses, the 
stomata occurred in well-defined longitudinal hands 
in the intercostal zones. Each intercostal zone 
included one or more stomatal band depending on the 
species. 

Stomata in some species tended to be associated 
with epidermal pits and furrows. The stomata of the 
Dryandra species studied were confined to depressions 
on the ahaxial surface of leaves. The stomata of 
leaves of Lomandra caespitoxa and L. effusa and the 
stems of Opercnlaria vaginal a, Casuarina humiiis , C. 
heugeliana and Dampiera iavcuuhdacea were limited 
to longitudinal grooves. 

Triehomes occurred in many of the species sampled 
from the wandoo woodland. Simple unicellular 
triehomes were present in Boron ia erennhita, 
Melaleuca fioiosericea , Leptospermmu erubescens , 
and Hetnigenia cane see us. A denanthos cygnormu 
had simple unicellular triehomes but was distinguished 
by a large, fiat basal cell to the trichome. 
Hibbertia Uypericoides had sessile stellate hairs and 
Hetnigenia can esc e ns had glandular and bicellular 
hairs. All of the species of Dryandra in the study 
had lociform triehomes densely covering the abaxial 
surface. Caiothamnus sanguineus had setaceous 
triehomes, but these tended to break down during 
preparation of the epidermi. Several species had 
papillose projections from the epidermal cells. These 
included Gastrolobium calycinmn and all of the 
species of Casuarina examined. The grasses tended 
to have mostly unicellular triehomes, which were not 
valuable in the identification of individual species. 

Shape of the epidermal cells was helpful in 
distinguishing monocotyledons from dicotyledons. 
The cells of the monocotyledons were typically 
rectangular, with the length parallel to the 
longitudinal axis of the leaf. Some intermixed of 
the monocotyledons, however, were square. The 
dicotyledons varied from the isodiametrical cells as 
in Dryandra sessilis to more rectangular cells as in 
Opercnlaria vagit lata. Irregular shaped ceils in 


Caiothamnus and occasional paired cells separated 
by a sinuous wall in Caiothamnus and Leptospermmu 
were diagnostic. Loxocarya fiexuosa , Astroloma 
pallidum and some of the grasses were also 
distinguishable from other species by sinuous 
epidermal cell walls, Other plants had typically 
straight walls with varying degrees of curvature 
at the corners. 

In general, most of the plant epidermi from the 
Yalanbee Experimental Station study area had 
enough difference to allow identification to genera. 
However, within some genera, such as Hakca , the 
identification of epidermal fragments to a single 
species was not always possible. Even so, through 
careful preparation of faecal material and voucher 
specimens, it has been possible to develop a bas»s 
for studying the dietary preferences of the western 
grey kangaroo in the wandoo woodland-pasture 
landscapes of the Yalanbee Experimental Station. 
With the aid of the key it is possible to examine 
material rapidly and identify the common species 
being grazed. 


Acknowledgements .—We wish to acknowledge the co-opera¬ 
tion of Ur. Graham Arnold and Mr. Dion Sleven ol* CSIRO 
for co-operation throughout the study, and to Mr. Martin 
Lucks for photographic assistance. This study was pail of 
the requirements for the degree of Honours in Botany of the 
first author. Funds were supplied in part by Alcoa of Aus¬ 
tralia Ltd. and Western Collieries Ltd. in grants to Dr. 


References 


Baumgartner, L. L. and Martin. A. C. (1939).—Plant histo¬ 
logy as an aid in squirrel food-habits studies. 
J. Wildl. Manage., 3: 266-268. 

Bennett. S. H. and Furmidge, S. G. (1956).—Impression 
methods lor the study of the distribution of 
deposits and organisms on plant surfaces. Nature, 
178: 152-153. 


Bongers, J. M. (1973),—Epidermal leaf characters of the 
Winteraceac. Bltnnea, 21; 381-411. 

Bornemann, J. G. (1856).—Ober organischer rcste der kllen- 
koklengruppe tluir ingens ein heiliay zur fa vena 
unde flora diescr formation der jetzwcltlichen 
cycadeegattunger. IX. 85, 12 tab., Leipzig (Verll 
VVilch, Engelman). (Original not seen). 

Clarke, J. (I960).—Preparation of leaf epidermis for topo¬ 
graphic study. Stum Tech,, 35: 35-39. 

Clifford, H. T. and Watson, L. (1977).—Identifying Grasses: 

Data. Methods and Illustrations. University of 
Queensland Press, St. Lucia. 

Davis, T. J and Ellis, B. A. (1979).—Comparison of the 
diets of Yellow-fooled Rock Wallabies and sym- 
palrick herbivores in Western New South Wales 
Amt. Wildl. Res., 6: 245-254 


Dilcher. 
Du si, J. 


Esau, K. 


D. 


1 • /1974).—Approaches to the identification of 
angiosperm leaf remains. Hot . Rev., 40; 1 - 57 . 


uvhvi.— ivieinoas tor me delermination of food 
habits by plant microtechniques and histology 
and their application to cotton-tail rahbit food 
habits. J. Wildl Manage., 13: 295-29S 


(1960).—Anatomy ot Seed Plants. Wiley Interna¬ 
tional. New York. 


Gray, J. R., Quinn, J. A. and Fairbrothers, D. E. (1969).— 
Leaf epidermis morphology in populations of the 
Danthonia serlcea complex. Hull, Torrev Rot 
Club, 96: 525-530. 

Griffiths, M. and Barker, R. (1966).—The plants eaten by 
sheen and by kangaroos grazing together in a 
paddock m south-western Queensland. CSIRO 
Wildl. Res.. II: 145-167. 

Griffiths. M., Barker. R. and MacLcan, L. (1974).—Further 
observations on the plants eaten by kangaroos 
and sheep grazing together in a paddock in south¬ 
western Queensland. Aust. Wildl. Res., 1: 27-43. 


117 



Journal of the Royal Society of Western Australia, Vol. 66, Part 4, 1984. 


Halford. D. A., Bell, D. T. and Loneragan, W.A (1984).— 
Diet of the western grey kangaroo {Macropus; 
Julifiinosus Desm.) in a mixed pasture-woodland 
habitat of Western Australia. J. Roy. Soc. W.A. 
66: 119-128. 

Horanic. G. E. and Gardner, F. E. (1967).—An improved 
method of making epidermal imprints. Bot. Gaz.. 
128; 144-150. 

Idle. D. B. (1969).—Scanning electron microscopy of leaf 
surface replicas aud the measurement of stonia- 
tal aperture. Aim. Bot.. 33: 75-76. 

Jain. K. K. (1976).— Hydrogen peroxide and acetic acid for 
preparing epidermal peels from conifer leaves. 
Stain Tech.. 51: 202-204. 

Kiley, M, (1966).—A preliminary investigation into the feed¬ 
ing habits of the waterbuck by faecal analysis. 
East African Wild!. J.. 4; 153-157. 

Kirkpatrick. T. H. (1965).—Food preferences of the grey 
kangaroo ( Macro pits major Shaw). Queensland J. 
Agric. Animal Sci. t 22: 89-93. 

Kok, P. D. F. and Van dcr SchijlT. H. P. (1973).—A key 
based on epidermal characteristics for the identi¬ 
fication of certain high veld grasses. Koedoe . 
16: 27-43. 

Louw, J. G,. Williams, H. H. and Maynard, L. A. (1949).— 
A method for the study in vitro of rumen diges¬ 
tion. Science, 110: 478-480. 

Martin. D. J. (1955).—Features of plant cuticles: An aid to the 
analysis of the natural diets of grazing animals. 
Trans, Proc. Bot. Soc. Edinburgh. 36: 278-288. 

Metcalfe, C. R. (I960).—Anatomy of Monocotyledons. Oxford 
University Presse, London. 

Metcalfe. C. R. and Chalk. L. (1950).—Anatomy of the 
Dicotyledons. Oxford University Press, London. 

Mueller, L. W., Carr, P. H. and Loomis, \V. E. (1954).— 
The suhmicroscopie structure of plant surfaces. 
Amer. J. Bot., 41: 593-600. 

Parkinson, S. T. and Fielding. W. L. (1930).—The Microscopic 
Examination of Cattle Foods. Headley Brothers. 
London (original not seen). 

Phillipson. A. T. (1952).—The passage of digesta from the 
abomasum of sheep. J. Physiol., 116: 84-97. 

Radford, A, E.. Dickinson, W. C., Massey, J. R. and Bell, 
C. R. (1974).—Vascular Plant Systcmatics. Harper 
and Row Publishers, New. York. 


Shah. G. L. and Gopal, B. V. (1969).—Preparation of epi¬ 
dermal imprints of living plant organs by the use 
of non-toxic mucilage and latex. Stain Tech., 44: 
123-126. 

Sharma. G. K. (1975).—Altitudinal variation in the leaf epi¬ 
dermal patterns of Cannabis saliva. Bull. Torrey 
Bot. Club.. 102: 199-200. 

Sinclair, C. B. and Sharma, G. K. (1971).—Epidermal and 
cuticular studies of leaves. J. Tenn. Acad. Sci., 
46: 2-11. 

Skoss. J. D. (1955).—Structure and composition of plant 
cuticle in relation to environmental factors and 
permeahility. Bot. Gaz., 117: 55-72. 

Stace, C. A. (1965).—Cuticular studies as an aid to plant 
taxonomy. Bull. British Museum Nat. Hist. Bot 
Ser .. E-3: 1-78, 

Stebbins. G. L. and Khush, G. S. (1961).—Variation in the 
organization of the stomatal complex in the leaf 
epidermis of monocots mid its bearing on their 
phylogeny. Amer. J. of Bot., 48: 51-59. 

Stewart. D. R. M. (1965).—The epidermal characters of 
grasses with special reference of East African 
plains species. Botanisehe Jahrbucher, 84: 63-174. 

Stewart, D. R. M. (1967).—Analysis of plant epidermis in 
faeces; A technique for studying the food pre¬ 
ferences of grazing herbivores. J. Appl. EZcol., 4; 
83-111. 

Storr, G. M. (1961).—Microscopic analysis of faeces of tech¬ 
nique for ascertaining the diet of herbivorous 
mammals. Aust J. Biol. S r/.. 14: 157-164. 

Storr, G. B. (1964).—Studies on marsupial nutrition. IV. 

Diet of the Qnokka, Setonix brachyurtis (Quoy 
and Gaimard), on Rottnest Island. Western Aus¬ 
tralia. A list. J. Biol. Sci.. 17: 469-481. 

Tribe, D. E. (1950).—The composition of a sheep's natural 
diet. J. British Grassland Soc., 5: 81-91. 

Van Cotlhem, W. R. J. (1970).—A classification of stomatal 
types. J. Linn. Soc. Bot., 63: 235-246. 

William, J. A. (1973).—A considerably improved method for 
preparing plastic epidermal imprints. Bot. Gaz., 
134: 87-91. 


118 
















